Background: Although anxiety and depression have been classified as distinct traits of affective disorders, previous studies have reported their co-occurrence in subjects with migraine. However, few reports are available on the clinical implications of this comorbidity. This study is to assess the comorbidity of anxiety and depression in subjects with migraine and its clinical implications in a population-based sample from Korea.
Background
Migraine is a common, disabling neurological disorder and its prevalence ranges between 5% and 12% in the general population [1] [2] [3] . The symptoms of migraine and associated psychiatric disturbances may cause disabilities that interfere with performance in educational and occupational pursuits and household chores [2] [3] [4] . The World Health Organization has recognized migraine as an urgent public health priority and listed it as the 7 th leading cause of disability [3] .
Epidemiological and clinical studies have shown that migraine is comorbid with a number of psychiatric disorders such as anxiety and depression [5] [6] [7] [8] [9] . Headache frequency and impact of headache are more pronounced in migraine with comorbid psychiatric disorders than in migraine without comorbid psychiatric disorders [4, 6] . Psychiatric comorbidities are more prevalent in chronic migraine (CM) compared to episodic migraine [10, 11] .
Anxiety is the most common psychiatric comorbidity among patients with migraine, showing a prevalence of 25.5? 57.6% in population-based studies [5] [6] [7] 10, 12, 13] . The Diagnostic and Statistical Manual of Mental Disorders-4 text revision (DSM-IV TR) identified anxiety as an Axis-1 disorder that represented acute symptoms requiring treatment [14] . Patients having migraine with anxiety are more likely to experience disability and poor quality of life compared to those without anxiety [6, 9, 13, 15] .
Depression is another Axis-1 disorder in the DSM-IV TR [14] . A close association between depression and migraine has been reported in clinical settings and populationbased studies [7] [8] [9] [10] 12, 13, [16] [17] [18] . Depression may exacerbate the impact of migraine and complicate treatment [6, 16] . Longitudinal studies have reported bidirectional comorbidity in which migraine predisposes patients to depression and vice versa [16, [19] [20] [21] . A recent study has shown that depression is associated with the transformation from episodic to CM [22] .
Although anxiety and depression have been classified as distinct traits of affective disorders, concurrence of anxiety and depression has been observed in clinical and epidemiological studies [13, 23, 24] . Most individuals with anxiety or depression possess these traits in mixed form, rather than having pure anxiety or pure depression. The concurrence of anxiety and depression in migraine has been reported; 42.1? 84.6% of patients having migraine with depression also experience anxiety, and 66.1? 85.7% of patients having migraine with anxiety also have depression [6] [7] [8] [9] 12, 20] .
However, the comorbidity of anxiety and depression in migraineurs and its clinical significance has rarely been reported. In the present study, we will: 1) describe the prevalence of anxiety, depression, and migraine in a general Korean population; 2) assess the comorbidity of anxiety and depression among subjects with migraine; 3) examine the clinical characteristics of subjects having migraine according to the diagnosis of anxiety and depression.
Methods
This study provides a nation-wide, cross-sectional survey of headache and anxiety in the Korean population. Trained interviewers conducted structured interviews, using a questionnaire to diagnose headache disorders and anxiety in adults aged 19? 69 years. The interview included questions on the symptoms and impact of headache and anxiety. Further, the socioeconomic, demographic, and geographic characteristics of participants were evaluated. This study was undertaken from November 2011 to January 2012, and was approved by the institutional review board/ ethics committee of Hallym University Sacred Heart Hospital (Additional files 1 and 2). Written informed consent was obtained from all participants.
Target area
Korea is geographically partitioned into 15 
Sampling method
To determine the prevalence rates of and analyze the demographic factors affecting common primary headache disorders, we planned to sample 2,750 individuals based on the population structure. We adopted a 2-stage systematic random sampling method. The 15 administrative divisions were designated as the primary sampling unit. We assigned appropriate sample numbers for each primary sampling unit according to the population distribution. In the second stage, we further selected representative basic administrative units (si, gun, and gu) for each primary sampling unit. Overall, 60 representative basic administrative units were selected for this study. For each representative basic administrative unit, we assigned a target sample number regarding age, gender, and occupation. Estimated sampling error of our study is ? 1.8% with a 95% confidence interval ( Table 1 ) [26] .
Survey procedures
Subjects were stratified according to age, gender, and occupation. Prior to meeting the subjects, the interviewers were provided with the following information: 1) the aims of the present study, 2) the meaning of each question, 3) instructions for interpreting the subjects? responses, and 4) other details that were relevant to conducting a proper interview. All interviewers were employed by Gallup Korea and had previous socials survey interviewing experience. The interviewers were not medical personnel. The survey was conducted by door-to-door visits and face-to-face interviews.
Diagnosis of migraine, anxiety, and depression
We diagnosed migraine, anxiety, and depression using a questionnaire composed of three parts (Additional files 3 and 4). The first part assessed demographic and socioeconomic characteristics. The second part established a headache profile, which was designed to comply with ICHD-2. Migraine was diagnosed based on ICHD-2 criteria for migraine without aura [27] . We did not attempt to diagnose migraine with aura and migraine without aura separately and classified them as migraine in the present study. The questions used to diagnose migraine were previously found to have 75.0% sensitivity and 88.2% specificity, by comparing the diagnoses from the survey with doctors? diagnoses obtained from an additional telephone interview [28] .
The third part included questions about anxiety and depression. We used the Goldberg Anxiety Scale (GAS) for diagnosing anxiety. GAS is composed of four screening questions and five supplementary questions [29, 30] . If a participant gave a positive answer for two or more of the first four screening questions, and five or more of all GAS questions, he/she was diagnosed with anxiety. The Korean version of GAS was reported to have 82.0% sensitivity and 94.4% specificity [30] . The Korean version GAS showed a good correlations with State-Trait Anxiety Inventory, a validated tools for assessing anxiety [31, 32] .
The Patient Health Questionnaire-9 (PHQ-9) was used for diagnosing depression [33] . If a participant? s PHQ-9 score was 10 or more, he/she was assigned as having depression. The Korean PHQ-9 was found to have 81.1% sensitivity and 89.9% specificity [34] . We included the Headache Impact Test-6 questionnaire (HIT-6) to evaluate the impact of headache on quality of life.
Analyses
Based on the definitions of migraine and anxiety, the 1year prevalence was presented as the number of cases per 100 persons. Age-and gender-specific prevalence was also calculated. The Kolmogorov? Smirnov test was used to test for normality of the distribution.
We calculated the odds ratios (OR; 95% confidence intervals [CI]) for occurrence anxiety or depression with migraine compared to that without migraine using univariate and multivariate logistic regression analyses. In univariable analyses, we modeled the ORs for migraine versus non-migraine without adjusting for covariates. In multivariable-adjusted analyses for anxiety, sociodemographic variables (age, gender, educational level, and size of residential area) and depression were used as covariates. In multivariate analyses for depression, sociodemographic variables and anxiety were used as covariates.
We classified subjects with migraine into four groups according to their diagnoses for anxiety and depression: the migraine without anxiety or depression, migraine with anxiety alone, migraine with depression alone, and migraine with anxiety and depression. We compared headache days per month, visual analogue scale (VAS) score of headache intensity, and HIT-6 score, among these four groups using the Kruskal? Wallis one-way analysis of variance test. If the median values were significantly different, post-hoc tests were carried out using Bonferroni? s method. In all statistical analyses, the significance level was 0.05, unless otherwise specified. The results were analyzed using the Statistical Package for the Social Sciences 21.0 (SPSS 21.0; IBM, Armonk, NY, USA).
As with most survey sampling designs, missing data resulting from non-response occurred in several variables. The data reported are based on the available data. Sample sizes of some variables diverge from the sample size of n = 2,762 because of non-responses on that particular variable. Imputation techniques were not employed to minimize non-response effects [35] .
Results
Our interviewers approached 7,430 individuals and 3,114 of them accepted the survey (rejection rate of 58.1%). After 352 individuals suspended the interview, 2,762 subjects completed the survey (cooperation rate of 37.2%; Figure 1 ). Distributions of age, gender, size of residential area, and educational level were not significantly different from those of the general population of Korea ( Figure 1 and Table 1 ).
Prevalence of migraine, anxiety, and depression
Of the 2,762 participants, 1,299 (47.2%) subjects had had at least one attack of headache, and 147 subjects (5.4%) were classified as having migraine during the previous year, 274 (10.0%) were classified as having anxiety, and 124 (4.5%) were classified as having depression (Table 1) .
Anxiety and depression in subjects with migraine
There was considerable overlap between anxiety and depression among subjects with migraine. Of the 147 subjects with migraine, 28 (19.0%) had anxiety alone, 9 (6.1%) had depression alone, and 17 (11.6%) had anxiety and depression. The remaining 93 (63.3%) had neither anxiety nor depression ( Figure 2 ). The prevalence of anxiety in subjects with migraine (30.1%) was higher than that in subjects without migraine (8.8%, OR = 4.5, 95% CI 3.1? 6.5); this pattern was consistent even after adjusting for sociodemographic variables (age, gender, educational level, and size of residential area) and depression (OR = 3.0, 95% CI = 2.0-4.7). The prevalence of depression in subjects with migraine (17.7%) was higher than that in subjects without migraine (3.8%, OR = 5.4, 95% CI 3.4? 8.7); this pattern was consistent even after adjusting for sociodemographic variables and anxiety (OR = 2.7, 95% CI = 1.6-4.7).
Clinical characteristics of subjects having migraine with and without anxiety and depression
We investigated demographics, headache characteristics, associated symptoms, headache frequency per month, VAS score for pain intensity, and HIT-6 score of subjects with migraine grouped according to presence of anxiety and depression. Demographic distributions, headache characteristics and associated symptoms of migraineurs were not significantly different according to anxiety or depression except photophobia (Table 2) . Photophobia was less prevalent in migraineurs with depression alone compared to migraineurs without anxiety or depression (p = 0.007), migraineurs with anxiety alone (p = 0.001), and migraineurs with anxiety and depression (p = 0.012).
Headache frequency was remarkably higher in the migraine with anxiety and depression group (median Table 3 ). The migraine with anxiety alone group showed higher VAS scores for pain intensity compared to the migraine without anxiety or depression group (7. 
Discussion
The key findings of the present study are as follows: 1) The prevalence of anxiety, depression, and migraine in the Korean population were 10.0%, 4.5% and 5.4%, respectively; 2) Among subjects with migraine, 19.0% had anxiety alone, 6.1% had depression alone, and 11.6% had both anxiety and depression; 3) Headache frequency was markedly increased in subjects having migraine with anxiety and depression.
The 1-year migraine prevalence rate (5.4%) in the present study was somewhat lower than those previously done in European (10-25%) and North American (9-16%) countries [2] . However, the migraine prevalence rate in the present study was similar to those of previous studies in Korea and Asian countries [28, 36] . The 1-year prevalence rate of migraine in Asian countries mostly ranged from 4.7% to 9.1%, which were somewhat lower than those of European and North American countries [36] .
The prevalence of anxiety and depression in this study were similar to those previously reported, ranging from 5.6% to 19.3% for anxiety [37-39] and 3.6% to 8.8% for depression [40] [41] [42] . This indicates the reliability of the present study. The wide range of prevalence values reported in previous studies may be explained by differences in ethnicity, cultural background, survey methods, and assessment tools. Previous studies have reported an association between migraine and psychiatric comorbidities such as anxiety and depression [5] [6] [7] . The clinical relationship between migraine and psychiatric comorbidities implies the need for judicious evaluation of a patient with migraine for presence of other conditions. In addition, for patients having comorbid conditions, treatment choices that can improve both conditions should be considered [43] .
Numerous studies have shown a close association between depression and migraine. As per population-based studies, subjects with migraine are 2.2? 3.5 times more likely to develop depressive disorders than those without migraine [5, 7, 21, 44] . Anxiety has also been reported to show a significant association with migraine, and subjects with migraine have increased risk of anxiety, with ORs of 2.3? 2.8 [6, 7, 9, 16] . In the present study, subjects with migraine showed increased risk of anxiety and depression, with ORs of 3.0 and 2.7, respectively.
Previous epidemiological and clinical studies have reported that anxiety and depression commonly co-occur in individuals with migraine [5] [6] [7] . Breslau et al. reported that depression and anxiety co-exist in approximately 30% of patients with migraine. In their population-based study, 84% of patients having migraine with depression also had anxiety, and 54% of patients having migraine with anxiety had depression [45] . Another study from France reported that 84.6% of patients having migraine with depression had anxiety and 40.4% of patients having migraine with anxiety had depression [6] . In the current study, 11.5% (17/147) of subjects with migraine had anxiety and depression; among subjects having migraine with depression, 65.4% (17/26) had anxiety, and among subjects having migraine with anxiety, 37.8% (17/45) had depression. The discrepancy between the percentages reported in the present and previous studies may be partially explained by differences in ethnicity, cultural background, and assessment methods.
The negative effect of anxiety and depression on headache-related disability and the impact of headache on quality of life have been documented [6, 9, 15, 18] . Depression is related to disease prognosis, transformation to CM, and treatment outcomes [7] [8] [9] [10] 12, 13, 17, 22] . Patients having migraine with anxiety show higher levels of migraine-related disability [6, 11] . In migraine with concurrent anxiety and depression, the migraine-related disability Table 3 Frequency, severity and impact of headache according to migraineurs? anxiety and depression status extends beyond that associated with comorbid anxiety alone [6] . However, the associations between anxiety or depression and clinical characteristics of migraine are currently less well known.
In the current study, we investigated the relation of headache frequency, headache severity, and impact of headache with the presence of anxiety and depression (Table 3 ). Headache frequency of subjects having migraine with either anxiety or depression alone was not significantly different from that of subjects having migraine without anxiety or depression. However, in subjects having migraine with anxiety and depression, headache frequency was remarkably higher. Since headache frequency is an important factor for migraine chronification, our finding suggests that concurrent anxiety and depression may be associated with migraine chronification. Further longitudinal studies examining the role of anxiety and depression in migraine chronification would provide a better understanding of the psychological factors involved in migraine. The VAS score for pain intensity showed a different pattern from that of headache frequency. The score was elevated when anxiety was present, and the VAS score for migraine with anxiety and depression was not significantly different from that for migraine with anxiety alone. The association between anxiety and elevation of VAS score may be partially explained by a psychological component of pain perception [46] .
Although the response rate is not high, we used 2-stage clustered random sampling pool of Gallup Korea, which showed a low sampling error [47] . The socio-demographic distributions of participants were similar to those of total population of Korea (Table 1 ). The prevalence rates of migraine, anxiety and depression in our survey were similar to those studies previously done in Korea [26, 28, 42] . Use of reliable sampling method, similarity in socio-demographic distributions to whole population of Korea and similarity in migraine, anxiety and depression prevalence rate to previous studies suggested that our study properly reflected migraine status of Korean population.
In this study, we did not attempt to examine the presence of aura because the diagnosis of aura is difficult to verify using questionnaire [48] . According to the ICHD-2 criteria, migraine with aura was diagnosed when an individual? s headache fulfils typical headache features and presence of aura [27] . Typical headache features of migraine with aura was the same as those of migraine without aura. We investigated typical headache features of migraine without aura for the diagnosis of migraine and included both migraine without aura and migraine with aura as migraine in the present study.
We did not try to diagnose CM in the present study because the diagnostic criteria for CM were currently under amendment and investigating CM in epidemiological study was very difficult [49] [50] [51] [52] . The most recent criteria, the third beta edition of International Classification of Headache Disorder, define CM as a headache on ≥15 days per month, including a migraine with/without an aura or relieved by a triptan or ergot derivatives on at least 8 days per month, with a duration of at least 3 months and are difficult to apply in epidemiological study investigating CM using questionnaire [51] . Further studies regarding comorbidity of anxiety and depression in CM sufferers and their clinical significance in CM would be needed.
This study has some limitations. Firstly, we used GAS to diagnose anxiety. GAS is composed of nine questions on symptoms of anxiety, and one question about a participant? s headaches or neck aches. Based on these questions, subjects with migraine may have obtained higher GAS scores, and hence, be more likely to be diagnosed as having anxiety. However, we think that our results for comorbidity of anxiety and migraine are reliable because of the following reasons: 1) The usefulness of the Korean version GAS for anxiety diagnosis has been validated, with the Korean GAS showing high sensitivity and specificity; [30] 2) Subjects with migraine showed a higher prevalence of anxiety compared to those with non-migraine headaches, who might have also responded positively to the question on head and neck aches (13.3% vs. 30.1%, p < 0.001); 3) We observed a quantitative relationship between migraine clinical characteristics and anxiety, and a higher VAS score in migraine with anxiety. Secondly, although this is a population-based study with a low sampling error, its statistical power for examining subgroups was limited. Thus, some results might have not reached statistical significance merely because of the limited sample numbers.
Our study has several strengths. Firstly, we used clustered random sampling proportional to the Korean population and the estimated sampling error was low. Secondly, we investigated both anxiety and depression, which are common comorbid conditions among both the general population and individuals with migraine, and assessed clinical characteristics of migraine according to the status of anxiety and depression. Balancing limitations and strengths, we think that this study successfully assessed the association of anxiety and depression in migraine with their clinical implications.
Conclusions
Approximately 1/3 and 1/6 of migraineurs had anxiety and depression in a Korean population-based sample, respectively. One-third of migraineurs with anxiety had depression and 2/3 of migraineurs with depression had anxiety. The concurrence of anxiety and depression was associated with higher headache frequency in migraineurs. Occurrence of anxiety was associated with exacerbation of headache intensity. Impact of headache increased with the accompaniment of anxiety and/or depression. The presence of anxiety and depression should be carefully evaluated in patients with migraine, in order to reduce the impact of headache as well as provide better treatment for these patients.
